This study applied the hedonic pricing method to determine whether a disused, solid waste landfill site has an adverse effect on the prices of low-cost houses in New Brighton, a neighbourhood of the Nelson Mandela Metropole, Eastern Cape, South Africa. The results of the study show that the landfill site has a negative effect on New Brighton house prices. The average increase in house value is R36.00 per one hundred metres from the landfill site. This increase amounts to 0.44 percent of the value of a house per 100 metres from the landfill. When the change in value is summed for all the properties in the sample area (allowing for variation in value change due to differing distances from the landfill site) the total disamenity effect of the landfill site is approximately R1.4 million.
Introduction
Whether, and to what degree, solid waste landfills have an adverse effect on residential property prices has received a great deal of attention over the years (see, for example, Bouvier, Halstead, Conway & Manalo, 2000; Havlicek, Richardson & Davies, 1971; Reichert, 1991) . It is a well-recognised fact that the establishment and operation of a landfill creates negative externalities, which may include environmental damages, such as the build-up of methane gas and groundwater contamination (Lomberg, Rosewarne, Raymer & Devey, 1996; Reddy & Gardiner, 2003) . In addition to these damages, the dumping of solid waste may also give rise to bad odors, vermin and flies, while litter may spread from the landfill if it is not properly policed (Bouvier et al., 2000) . Moreover, covering and compacting the solid waste with soil creates airborne dust. As a result of these negative impacts, it is normal to locate landfills that may have a deleterious aesthetic and health impact on areas remote from residential neighbourhoods, as well as creating buffer zones to prevent further encroachment.
The economic impact of a landfill on the value of properties situated in close proximity to it is important for a number of reasons. First, price disparities between like properties, differing only in their distance from a landfill, provide information on the welfare effect on households situated in the vicinity (Ready, 2005) . Second, affected property owners want to know what effect, if any, the presence of a landfill has or will have on the value of their assets. Third, in the event of a landfill project being subject to cost-benefit analysis, estimates of property price effects can be incorporated into the cost-benefit profile.
Numerous studies have been conducted to determine an empirical relationship between residential property prices and proximity to a solid waste landfill site (Ready, 2005) . The hedonic pricing method, which entails drawing inferences from markets where it is believed preferences for environmental goods are captured, was used in these studies to estimate the abovementioned relationship.
Most of these studies have found a negative relationship between residential house prices and proximity to a landfill (see, for example, Nelson, Generoux & Generoux, 1992; Havlicek, Richardson & Davies, 1971; Havlicek, 1985; Adler, Cook, Ferguson, Vickers, Anderson & Dower, 1982; Baker, 1982) . More specifically, these studies show that the values of residential properties situated within a four-mile radius of a landfill site rise by between 5 and 7 percent per mile (i.e. 1.6 km) distance away from the site. No negative value effects were found for properties located in excess of four miles from the landfill. However, property values fall more dramatically (i.e. between 21 and 30 percent) the closer (i.e. within a quarter to a half mile radius) the properties are situated to a landfill site. On the other hand, a few studies have found that no statistically significant relationship exists between house prices and proximity to a landfill (see, for example, Gamble, Downing, Shortle & Epp, 1982; Zeiss & Atwater, 1989; Bouvier et al., 2000) .
There is a paucity of South African studies which explore the negative effects of proximity to landfill sites on the value of residential properties. The purpose of this paper is to derive a measure for the reduction in house value in rands due to proximity to a landfill site, by means of an application of the hedonic pricing method.
Methodology
The theory underlying the economic rationale for employing the hedonic pricing method to analyse residential house prices is couched in the work of Rosen (1974) . The hedonic pricing method relies on the principle that a person's utility is based on the characteristics of the good consumed. In the context of the housing market, the characteristics theory of consumer choice hypothesises that the purchase price a potential buyer is willing to pay is dependent upon the broad range of characteristics of the house, for example physical characteristics (such as house size, age, number of rooms), location characteristics (such as proximity to amenities like schools and shopping centres), and environmental quality variables (such as the quality of the air, noise pollution, and proximity to a landfill).
The application of the hedonic pricing method requires the collection of information on all the factors determining the price of a house. Once this has been done, the conventional hedonic pricing method continues in two steps: first, a hedonic (or implicit) price function is estimated; second, a demand curve is estimated for some environmental quality component (Hanley & Spash, 1993) .
The derivation of the hedonic price function entails estimating an empirical relationship between the market price of a particular residential property and the levels of its characteristics or attributes. This function portrays the equilibrium collection of property values, given the house-purchasing population and the obtainable housing supply (Ready, 2005) . Formally, the hedonic pricing function can be defined as follows: (1) where: P represents the house prices in an urban area of interest;
C represents the physical characteristics;
L represents the location characteristics; and E represents the environmental characteristics (Hanley & Spash, 1993) .
Equation (1) can be expected to be nonlinear, because consumers are unable to treat individual housing characteristics as discrete components from which they can choose until the required composite of characteristics is found (Rosen, 1974) . The implicit price of an individual characteristic or amenity can be found by partially differentiating Equation (1) with respect to that individual characteristic (Hanley & Spash, 1993) . The conventional way of determining the effect of a solid waste landfill site on house prices is to incorporate a certain continuous measure of proximity to a landfill site into the hedonic price function. For instance, assuming that E in Equation (1) represents solely the proximity to a landfill site, then its implicit price would be:
The expression (P h /(E k provides an estimate of a household's marginal willingness-to-pay for a change in distance from a landfill site. This expression can therefore be viewed as the incremental increase in the value of a house for a one-unit increase in distance from the landfill site, assuming that there is a positive relationship between distance and price (Van Kooten Bulte, 2001 ). The second stage of the hedonic price model is based on Rosen's (1974) work on implicit markets and requires that the compensated demand curve for the environmental variable in question be estimated. Using this demand curve, the consumer surplus can be calculated.
The rest of this paper is structured as follows: Section 3 describes the data and methods used in the study, Section 4 reports the results of the study, Section 5 provides a discussion of the results, and Section 6 provides a short conclusion.
Data and methods

The study area
The study area is the New Brighton neighbourhood located in the Nelson Mandela Metropole, Eastern Cape, South Africa. The majority of the houses in this area can be classified as low-cost housing. One solid waste landfill site is included in the study, namely the Ibhayi landfill site. This site was used as a landfill from 1981 to 2001, and accepted waste mostly from the Nelson Mandela Metropolitan Municipality (NMMM). The total amount of solid waste dumped at this site was approximately 20 000 tons per month (Horn, 2005) . The site is presently under the control of the NMMM.
The landfill is not physically isolated from the surrounding formal residential area (i.e. New Brighton). Formal residential housing is located adjacent to the eastern and northern sides of the landfill border. An informal settlement of shack dwellers is located to the west of the landfill (the shacks are erected on vacant areas and are not registered properties), and no formal housing is found to the south of the landfill border. These areas do not constitute part of the survey.
The formal residential area has a high housing density and an equally high population density. More specifically, population density is in excess of 12 000 per square kilometre with an average occupancy of four per household (Census, 2001 ). The mean erf size for the area is 246 square metres (Horn, 2005) .
Data
To compile data on the houses located in the formal residential area (i.e. New Brighton) and situated adjacent to the Ibhayi landfill site, the GIS database was used. The database was supplied to estate agents for the purposes of valuing properties in the Nelson Mandela Metropole. Municipal street maps were then used to identify, by means of an erf number, those houses that were situated within two kilometers of the landfill site.
1 The rationale for setting a two kilometre limit was that this is the limit of formal housing to the east of the landfill site, at which point it gives way to an industrial area. A total number of 40 000 housing units were identified, from which a representative sample of 496 houses was selected. This sample generates an error of less than 4.5 percent at a 95 percent confidence level. For each house identified in the sample, the following data were collected: the value of the property (at 2005 price levels), the erf size, the building size, and the existence or lack of outbuildings. Based on the location of the relevant properties, straight-line distances from the landfill site were calculated.
The residences situated adjacent to the landfill site in the township (New Brighton) are primarily low-cost units and the property market for this area is not well developed. Owing to a paucity of market transaction data, property valuations conducted by municipal officials and independent property evaluators were used as house prices. The differences in these valuations reflect municipal perceptions of the relative market worth of the relevant properties at a given point in time.
The hedonic pricing model
As noted in the discussion of the methodology of the hedonic pricing method (see Section 2), to determine the effect on house values, if any, of proximity to a landfill site, it is necessary to develop a statistical function (i.e. the hedonic price function) that accurately reflects the magnitude of the effect that a range of explanatory variables, including the proximity to landfill issue, have on the dependent variable, namely house values. For the purposes of this study the following hedonic price function was specified:
where:
Value denotes the house price in Rands; Erf size indicates the size of the erf in m 2 ; Sizebuild denotes the size of the main building in m 2 ; Outbuild refers to the presence or lack of outbuildings; Distance refers to the distance of the property from the landfill; and u represents the error term.
A description of the abovementioned variables, their operational definitions, and their hypothesised sign, are provided in Table 1 below. 
Results
Analysis of the house value statistic reveals that, on average, the houses in the study area have Table 2 below.
A statistical analysis of the explanatory variables used in the hedonic price function is provided in Table 3 below. The results of the estimation of the hedonic price function (Equation 3) are shown in Table 4 below. The data set generated an R 2 of 0.869 and an adjusted R 2 of 0.868, which attests to the model's predictive power. All the estimated coefficients are statistically highly significant and have the hypothesised sign. When the mean values for all the explanatory variables (except that of the distance from landfill) obtained in the analysis are substituted into the estimated hedonic price function (see 
Discussion
The results obtained above show that the Ibhayi landfill site has a negative effect on New Brighton house prices. More specifically, the average increase in house value is R36.00 per one hundred metres from the landfill site (see Equation 4 above). Based on the assumption that the value of a property adjacent to the landfill border is R8 246.03 and that a property located two thousand metres away has a value of R8 966.03, the effect of proximity to the landfill site is to reduce the value of a house by a maximum of R720.00 (two thousand metres is the easterly limit of housing in the New Brighton neighbourhood). Stated differently, house prices increase by 0.44 percent if the houses are situated 100 metres away instead of adjacent to the landfill border, and by 8.73 percent if they are 2000 metres away instead of adjacent to the site. If the change in value is summed for all the properties in the sample area (allowing for variation in value change due to differing distances from the landfill site) the total disamenity effect of the landfill site is approximately R1.4 million.
A number of restrictive assumptions surrounding this type of analysis must, however, be borne in mind. First, the hedonic pricing method only provides accurate estimations of the value of environmental quality if perfect information exists in the market (i.e. all buyers in the housing market have perfect information on the environmental quality variables at every conceivable location). This assumption is, however, not met in reality if people's awareness of the landfill site is based on inaccurate information or lack of knowledge (Bouvier et al., 2000) . For example, if a landfill site poses a serious health risk, individuals may not be aware of either its extent or its potential impact on house values.
Second, the assumption regarding zero transaction costs is also not borne out in reality (Bouvier et al., 2000) . Many individuals who reside in close proximity to a landfill site may be disturbed by the potential health risks it poses, but relocation costs may be prohibitively expensive. This often outweighs the incremental benefits derived from being situated further away from the landfill site.
In summary, the results of this study do not permit wide-ranging generalisations regarding the effect of a landfill site on house prices in South Africa. The landfill considered in this study has been inoperative since 2001, and the adjacent neighbourhood is one where low-cost housing dominates.
Conclusion
Many studies on hedonic pricing have shown that property prices increase with a move away from a landfill site. A few studies have shown that the impact of landfill sites on house values is negligible. There is, however, a paucity of similar studies conducted in South Africa. This study applied the hedonic pricing method to estimate the loss, if any, of property value due to the disamenity created by proximity of low-cost housing to a solid waste landfill site (the Ibhayi site) located in New Brighton, Nelson Mandela Metropole, Eastern Cape.
A regression analysis was performed to obtain a statistical function (i.e. the hedonic price function) that depicts the empirical relationship between property values and distance from the landfill. Other housing characteristics were also included in the hedonic price model, such as erf size, house size, and the existence or absence of outbuildings.
The results obtained show that the Ibhayi landfill site has a negative effect on New Brighton house prices. More specifically, the average increase in house value is R36.00 per one hundred metres from the landfill site. Stated differently, house prices increase by 0.44 percent per 100 metres from the landfill. When this change in value is summed for all the properties in the sample area (allowing for variation in value change due to differing distances from the landfill site) the total disamenity effect of the landfill site is approximately R1.4 million.
The results suggest a need for more considered residential planning, particularly in low-income areas. More specifically, solid waste landfill sites that may have deleterious aesthetic, health and economic impacts should, ideally, be located far from residential neighbourhoods or, at the very least, buffer zones should be created to prevent further encroachment. In the case of the Ibhayi landfill, the NMMM should endeavor to keep the disused landfill site as tidy as possible, and monitor it on a regular basis so as to safeguard the values of properties situated adjacent to it.
